Hereditary hypotrichosis is a rare autosomal recessive condition characterized clinically by alopecia. Three consanguineous kindreds with multiple affected individuals were ascertained from different regions of Pakistan. A novel hypotrichosis locus was mapped to a 5.5 cM region on chromosome 18q21.1. A maximum two-point LOD score of 5.25 was obtained at marker D18S36 (h ¼ 0.0). Three genes each for desmoglein and desmocollin proteins are located in this region. The expression in epidermal desmosomes and their connection to the keratin intermediate filaments make these genes excellent candidates for recessive hypotrichosis.
Introduction
There are many forms of hereditary hypotrichosis and alopecia, showing variation in terms of the age of onset, severity and associated abnormalities. Only a small number of causative genes for this trait have been identified and/or localized. Congenital atrichia (MIM 203655) is a rare, recessive inherited form of total alopecia that results from failure to initiate the first adult catagen. The salient features of this disorder are that affected individuals are completely devoid of scalp hair, eyebrows, eyelashes, axillary and pubic hair. Several mutations have been identified in the human homologue of the mouse hairless gene in atrichia families. [1] [2] [3] [4] In contrast to the total and permanent absence of hair in congenital atrichia, hair is present in hereditary hypotrichosis simplex but is diffusely thinned. Hypotrichosis simplex (MIM 146520) can affect all body hair or be limited to the scalp. 5, 6 The locus for hypotrichosis simplex (HSS) was mapped to chromosome 6p21.3. 6 Marie Unna hereditary hypotrichosis (MUHH) 7, 8 (MIM 146550) is distinguished from hypotrichosis simplex by the presence of a twisting hair dystrophy. This form of hypotrichosis is characterized by loss of hair on the scalp, eyebrows, eyelashes, and body. MUHH manifests itself in the first decade of life and progresses to almost complete alopecia. MUHH was localized to a 6.6 cM region on 8p21; 9,10 however, no mutations were found in the hairless gene, which lies in this interval. An autosomal dominant form of hypotrichosis simplex (MIM 605389) was localized to chromosome 18p11.32 -p11.23. 11 A form of alopecia, monilethrix (MIM 158000), was localized to chromosome 12q13 and is due to mutations in the hair cortex keratin gene HB1 or HB6. 12 The severity of alopecia is variable from patient to patient and is also variable over time in the same individual. Perifollicular hyperkeratosis is a consistent feature of monilethrix. Mutations in winged-helix-nude (whn) gene (MIM 600838) at the 'nude' locus of mice and rats disrupt normal hair growth and thymus development, causing nude mice and rats to be immune-deficient. 13 In humans a nonsense mutation was identified in the homologue of the mouse whn gene, in two sisters who were born with a complete absence of scalp hair, eyebrows and eyelashes and had dystrophic nails and immunological abnormalities. 14 Netherton syndrome (MIM 256500) is a rare autosomal recessive disease characterized by the presence of bamboo hair, congenital ichthyosis and trichorrhexis invaginata. 15, 16 The locus for Netherton syndrome was mapped to 5q32. 17 In the present study we describe three consanguineous families from Pakistan presenting an autosomal recessive form of hypotrichosis. The gene responsible for this specific form of hypotrichosis was localized to chromosome 18q21.1.
Materials and methods

Family history
Three consanguineous kindreds (LAP1, LAP2 and LAP3) from Pakistan, with hypotrichosis segregating as a single Mendelian abnormality without associated ectodermal defects ( Figure 1 ), were studied. Before the onset of the study, approval was obtained from the Quaid-I-Azam University Institutional Review Board. Informed consent was obtained from all individuals who agreed to participate in the study. The pedigree structure is based upon interviews with multiple family members. All three pedigrees ( Figure 1 ) provided convincing evidence for an autosomal recessive mode of inheritance. Family members rarely marry outside the community and consequently consanguineous unions are common. Therefore, it is highly likely that all affected individuals within the same kindred will be homozygous for the same mutation. Affected individuals were all in good general health with no evidence of immune system dysfunction or unusual susceptibility to skin tumors. At birth, hair was present on the scalp, but regrew sparsely after ritual shaving, which is usually performed a week after birth. Affected persons are nearly devoid of normal eyebrows and eyelashes; however, axillary and pubic hairs are normal ( Figure 2a ). Affected male individuals have normal beard hair; however, hair is absent on the legs and arms. Linkage analysis Two-point linkage analysis was carried out using MLINK of the FASTLINK computer package. 18 For the analysis an autosomal recessive mode of inheritance with complete penetrance and a disease allele frequency of 0.001 was assumed. The marker -allele frequencies were estimated from the data by means of both observed and reconstructed genotypes of founders within this pedigree.
DNA extraction and genotyping
Genomic DNA was extracted from peripheral-blood samples collected from both affected and unaffected family members by established procedures. PCR reactions were carried out in 25 ml reaction volumes containing 40 ng genomic DNA, 20 pmol of primers, 200 mM of each dNTP, 1 U of Taq DNA Polymerase (MBI Fermentas, UK) and 2.5 ml The thermal cycling conditions used included 951C for 5 min, followed by 40 cycles of 951C for 1 min, 55 -571C for 1 min, 721C for 1 min and a final extension at 721C for 10 min. PCR was performed by the use of thermal cycler 'Gene Amp PCR system 2400' obtained from Applied Biosystem (USA). The amplified products were resolved on 8% nondenaturing polyacrylamide gel and visualized by ethidium bromide staining to score the alleles by manual inspection. All individuals for whom a DNA sample was available were genotyped.
Results
A candidate gene approach was used to localize the hypotrichosis locus segregating in these families. Microsatellite markers were selected based on their location within candidate regions. The candidate gene regions that were screened included the region for the human hairless gene on chromosome 8p12, 1, 19 ectodermal dysplasia loci on chromosomes 2q11 -q13, 11q23 and 13q. [20] [21] [22] Additionally, chromosomes 12 and 17 were screened, because a number of candidate genes including keratin and nail dyspalsia genes were mapped to these chromosomes. 23, 24 However, none of these regions displayed linkage to the hypotrichosis locus segregating in our kindreds. Markers located within the 18q21 region were then genotyped, since this region contains the desmoglein and desmocollin genes. Significant evidence of linkage was obtained for marker D18S36 that localizes to the candidate 18q21 region. In order to fine map the locus, a total of 11 markers from this region were selected. 25 For the three kindreds, a maximum two-point LOD score of 5.25 (y ¼ 0) was obtained at marker D18S36. The combined LOD scores obtained from the three families are summarized in Table 1 . In family LAP3, recombination events were observed in affected individuals at markers D18S847 and D18S536, which localized the disease locus in a 5.57 cM interval between these two markers. In addition, this region was homozygous in all affected individuals in each of the three pedigrees ( Figure 1 ).
Discussion
The candidate interval for recessive hypotrichosis on 18q21.1 identified in the present study contains three desmoglein genes (see Table 1 ), designated DSG1, DSG2 and DSG3, as well as three desmocollin genes, DSC1, DSC2 and DSC3. In addition, this region also contains genes encoding transthyrectin, galactosyl transferase, meprin A and nucleolar protein 4. Desmoglein and desmocollin genes localize to a very small region (150 kb) on chromosome 18q21.1, 26, 27 suggesting that they may be subject to a mechanism of coordinate regulation, similar to the mechanism that is speculated for the epidermal differentiation complex. 28 Both desmoglein and desmocollins are the glycoproteins of desmosomes, which are the most common type of intercellular junctions mediating cellto-cell adhesion in vertebrate epithelial cells. 29 Different members of the human desmoglein and desmocollin genes are differentially expressed in the epidermis, perhaps reflecting strata-specific adhesive properties of these junctions and suggesting that they may function in epithelial differentiation. 29, 30 As members of the cadherin superfamily, the desmoglein and desmocollin genes possess similar structural functional domains, including sites for adhesion recognition, calcium binding, membrane inte- Recently, a study revealed the differential expression pattern of desmogleins and desmocollins in the cell types of the developing and adult human hair follicles, suggesting that although these genes show homology, they may have distinct roles in hair follicle morphogenesis and hair cycling. 34 Mutations in the mouse desmoglein-3 gene lead to the balding phenotype characterized by hair loss, skin fragility and oral lesions. 34 Their expression in epidermal desmosomes and hair follicles and in addition their connections to the keratin intermediate filaments make them excellent candidate genes for recessive hypotrichosis.
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